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Scanning Tunneling Microscopy (STM)
Jucoen Yeater and David Weiss, IPFW Department of Physics
Introduction: We plan to restore an STM to characterize metal thin films.  
Metal thin films are thin layers of metal deposited on substrates with 
thicknesses in the neighborhood of 10-100 nanometers (billionths of meters).  
The STM will be able to measure the film thickness and uniformity because it 
can produce atomic resolution topographical images of conductive surfaces. 
This is achieved through the use of the piezoelectric effect and a phenomenon 
known as quantum tunneling.
Modes of Operation: There are two modes of operation, constant current 
mode and constant height mode. Figure 4 illustrates both modes.
Constant height mode is shown below in part a. The height of the tip remains 
constant while the image comes from the changes in the current. If the tip is 
close to the sample then the current increases and if the tip is far from the 
sample then the current decreases.
Constant current mode is shown below in part b. For the current to remain 
constant the tip has to move closer or further away from the sample 
depending on the height of that point of the sample.
Figure 4: (a) constant height 
mode (b) constant current mode. 
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Figure 1: STM schematic
Quantum Tunneling: A concept from quantum mechanics in which a particle 
is able to tunnel through a barrier that it otherwise would not be able to using 
classical mechanics. An example of this is throwing a ball at a wall, the ball 
would simply bounce off of the wall. In quantum mechanics there is a small 
probability that  a particle can tunnel through the barrier. The tip must be only 
a few angstroms from the surface of the sample to establish a tunneling 
current.
Figure 2: Quantum tunneling through 
the barrier. 
Piezoelectric Effect: If a voltage is applied across two sides of a piezoelectric 
crystal then the crystal will expand or contract 150 angstroms per volt. The 
microscope can have voltages with millivolt accuracy which allows for the x, y, 
and z motion to be less than an angstrom. This is shown in figure 1.
The Tip: Tip preparation is important to achieve good imaging. The tip needs 
to be sharp enough so that there is a good chance that only one atom is at the 
end of the tip. Tungsten or platinum iridium are the two preferred tip 
materials.
Figure 3: Tip of an STM
Goals:
• Design scanning software
• Vibration Isolation
• Calibrate the STM
• Characterize metal thin films
